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RESEARCH
State handgun purchase age minimums in the US and  
adolescent suicide rates: regression discontinuity and  
difference-in- differences analyses
Julia Raifman,1 Elysia Larson,2 Colleen L Barry,3 Michael Siegel,4 Michael Ulrich,4  
Anita Knopov,5 Sandro Galea4
ABSTRACT
OBJECTIVE
To evaluate the association between US state 
policies that establish age 18 or 21 years as the 
minimum purchaser age for the sale of handguns and 
adolescent suicide rate.
DESIGN
Regression discontinuity and difference-in-differences 
analyses.
SETTING
46 US states without policy changes between 2001 
and 2017; Missouri and South Carolina, which 
lowered the age for handgun sales in 2007 and 2008, 
respectively; and West Virginia and Wyoming, which 
increased the age for handgun sales in 2010.
PARTICIPANTS
Adolescents aged 13 to 20 years(554 461 961 
from 2001 to 2017) in the regression discontinuity 
analysis, and adolescents aged 18 to 20 years 
(168 934 041 from 2002 to 2014) in the main 
difference-in-differences analysis.
MAIN OUTCOME MEASURE
Suicide rate per 100 000 adolescents.
RESULTS
In the regression discontinuity analysis, state policies 
that limited the sale of handguns to those aged 18 
or older (relative to 21 or older) were associated with 
an increase in suicide rate among adolescents aged 
18 to 20 years equivalent to 344 additional suicides 
in each state where they were in place between 2001 
and 2017. In the difference-in-differences analysis, 
state policies that limited the sale of handguns to 
those aged 21 or older were associated with 1.91 
fewer suicides per 100 000 adolescents aged 18 to 
20 years (95% confidence interval −3.13 to −0.70, 
permutation adjusted P=0.025). In the difference-in-
differences analysis, there were 1.83 fewer firearm 
related suicides per 100 000 adolescents (−2.66 
to −1.00, permutation adjusted P=0.002), with no 
association between age 21 handgun sales policies 
and non-firearm related suicides. Separate event 
study estimates indicated increases in suicide rates 
in states that lowered the age of handgun sales, with 
no association in states that increased the age of 
handgun sales.
CONCLUSIONS
A clear discontinuity was shown in the suicide rate 
by age at age 18 in states that limited the sale of 
handguns to individuals aged 18 or older. State 
policies to limit the sale of handguns to individuals 
aged 21 or older were associated with a reduction in 
suicide rates among adolescents. Increases in suicide 
rates were observed after states lowered the age of 
handgun sales, but no effect was found in states that 
increased the age of handgun sales.
Introduction
More than 48 000 suicides occurred in the United States 
in 2018; an increase in the suicide rates for the 10th 
consecutive year both overall and among adolescents.1 
Suicide is a particular concern in adolescents as it is 
the second most common cause of death in this age 
group after unintentional injuries.2 Firearms account 
for more than half of the deaths from suicide in the US.3
Firearms are common in US households, with 41% of 
Americans reporting living in a household with a gun 
in 2017.4 Firearms are a particularly lethal method of 
suicide attempts,5 and access to firearms is associated 
with increased deaths from suicide.6-8 Firearm 
purchases have been specifically related to suicide—
one study found the risk of suicide by firearms to be 57 
times greater among Californians who had purchased 
a handgun in the past week compared with that in the 
general population of adults in the state.9 Though few 
changes have occurred in most state firearm policies in 
recent years, changing the legal age at which handguns 
can be purchased has been politically feasible; since 
2018, three states increased the minimum age of 
handgun purchase.10-12 We investigated the relation 
between the minimum age of handgun purchase in US 
states and suicide among adolescents.
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WHAT’S ALREADY KNOWN ON THIS TOPIC
Firearms are a particularly lethal means of suicide attempts
Access to firearms is associated with suicide for the general population and for 
adolescents
A study based on suicide data from 1976 to 2001 found that policies restricting 
the sale of handguns to those aged 21 or older were associated with reductions 
in firearm related suicides but not overall suicides among adolescents aged 18 
to 20 years
WHAT THIS STUDY ADDS
In a regression discontinuity analysis, restricting the sale of handguns to 
purchasers aged 18 years or older, relative to 21 years or older, was associated 
with an increased suicide rate among adolescents aged 18 to 20 years
In a difference-in-differences analysis, lowering the age minimum for handgun 
purchases from 21 to 18 years was associated with an increase in the suicide 
rate among adolescents aged 18 to 20 years in two states
Increasing the age of handgun purchases from 18 to 21 years was not associated 
with a change in the suicide rate in two states with high levels of household 
firearm ownership
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A 1968 US federal law required that licensed 
firearms dealers only sell handguns to those aged 21 
or older, but it did not impose a minimum purchaser 
age on unlicensed sales. The 1994 Brady Handgun 
Violence Prevention Act13 limited all firearm sales 
across the US to purchasers aged 18 years or older. By 
June 2020, 17 states had policies requiring the sale of 
unlicensed handguns be limited to individuals aged 
21 or older; the other 33 states continued to permit 
unlicensed sales to those aged 18 to 20 years.14 Federal 
policy permits the sellers of firearms to be unlicensed 
if they do not regularly sell firearms for profit, without 
defining regular sales.15
Little evidence exists about whether policies for 
limiting handgun sales to those aged 21 or older are 
associated with deaths from suicide, particularly since 
the introduction of the 1994 Brady act. One study 
evaluated the link between suicides and laws for 
minimum purchase age passed in 29 states between 
1976 and 2001 and found that the policies for 
limiting handgun sales to those aged 21 or older were 
associated with statistically significant reductions in 
firearm related suicides but not in overall suicides.16 
This study was based on a difference-in-differences 
design but did not examine pre-period trends in all 
cause suicide to assess the suitability of the comparison 
group. We conducted an analysis based on more recent 
data most relevant to the current policy environment, 
including a difference-in-differences analysis in which 
we evaluated parallel trends.
We estimated the impact of policies to restrict the sale 
of handguns to those aged 21 or older on suicide rates 
in adolescents. We used two methods for analyzing 
observational data: a regression discontinuity 
approach to evaluate whether suicide rates among 
adolescents aged 18 to 20 diverged from age trends in 
suicide rates among adolescents aged 13 to 17 when 
states limited handgun purchases to those aged 18 
or older relative to aged 21 or older; and a difference-
in-differences approach to compare temporal trends 
in the suicide rate in states that changed policies 
relative to all other states. We conducted difference-in-
differences analyses based on two states that rescinded 
the age 21 minimum and two states that implemented 
the age 21 minimum.
Methods
Sample
We obtained data on suicide rates by state and age 
from 1999 to 2018.3 For the regression discontinuity 
analysis, we excluded states with policy changes. To 
include as many states as possible, we used data from 
2001 to 2017 (two states changed policies in 2018 
and two states changed policies between 1999 and 
2001). We included the full population of adolescents 
aged 13 to 20 years in all 46 US states that did not 
change their policies between 2001 and 2017. Four 
states—Missouri, South Carolina, West Virginia, and 
Wyoming—implemented policy changes between 2001 
and 2017 and were therefore excluded.14 17
For the difference-in-differences analyses, we 
determined that Missouri, South Carolina, West 
Virginia, and Wyoming implemented policy changes 
between 2004 and 2013, the period that allowed for 
at least five years of data before and after each state 
policy change. The sample was the full US population 
of adolescents aged 18 to 20 years from 2002 to 2014, 
the period five years preceding and five years following 
policy changes in the four intervention states (policy 
changes occurred between 2007 and 2010).
Data
The main exposure of interest for the regression 
discontinuity analysis was being aged 18 to 20 years 
old in a state with a policy that limited handgun sales 
to purchasers aged 18 or older (versus aged 21 or 
older). From the State Firearms Law Database14 and 
the Giffords Center law database17 we determined that 
the minimum age for handgun purchasers throughout 
the study period was 18 years in 34 states and 21 
years in 12 states. The two databases had consistent 
information on state handgun purchaser age, with 
the exception of Illinois, where adolescents aged 18 
to 20 years can purchase a handgun with parental 
permission; we considered Illinois to have a minimum 
purchaser age of 18 years. We weighted data based on 
the size of the state population aged 13 to 20 years.
The main exposure of interest for the difference-
in-differences analysis was a policy change in the 
minimum purchaser age for handgun sales. In August 
2007, Missouri implemented a policy to reduce the 
minimum purchaser age from 21 to 18 years, when 
it repealed the Missouri Revised Statutes Section 
571.090. In the same year, Missouri rescinded its policy 
requiring a permit and background check to purchase 
handguns. In April 2008, South Carolina implemented 
the 2008 South Carolina Laws Act 192 (H.B. 4364), 
reducing the minimum purchaser age from 21 to 18 
years. In contrast, in 2010, West Virginia amended 
Section 61-7-10 of the Code of West Virginia, restricting 
unlicensed firearm sales to the licensed firearm sales 
age, thereby limiting handgun sales to purchasers aged 
21 years or older. In March 2010, Wyoming increased 
the minimum age of handgun purchase from 18 to 21 
years with the Wyoming Firearms Freedom Act.18 We 
considered the policy change period to begin in the 
calendar year of policy implementation in each state.
The main outcomes were suicide rate by age 
(regression discontinuity analysis) or by year 
(difference-in-differences analysis). From the National 
Vital Statistics System, we obtained cause specific and 
intent specific suicide data for the full US population 
in the relevant age group, with deaths classified using 
ICD-10 codes (international classification of diseases, 
10th revision). We used US Census data on population 
size by age, state, and year drawn from the Web-
based Injury Statistics Query And Reporting System 
(WISQARS).3 From this same system we also calculated 
covariate data on population density and demographic 
characteristics.
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Analysis
In the regression discontinuity analysis, we described 
population characteristics in states with age 18 relative 
to age 21 handgun sales policies and among those 
younger (ages 13 to 17) and older (ages 18 to 20) than 
the age 18 threshold. We used a modified regression 
discontinuity approach19 20 based on the discontinuity 
in access to firearms when people reached the age of 
18 years in states with a minimum handgun purchaser 
age of 18 years. The premise is that adolescents just 
above and just below age 18 years have similar 
characteristics but differ in their access to firearms 
when the age of handgun purchase is 18 years; we 
evaluated whether the adolescent populations above 
and below the threshold had similar characteristics 
by comparing the ethnicity/race of the adolescent 
populations aged 13 to 17 and aged 18 to 20 in each 
policy group. We extended the typical regression 
discontinuity analysis by using states with a minimum 
handgun purchaser age of 21 years as a comparison 
group. To account for overdispersion, we estimated 
negative binomial regression models, with total 
suicides as the outcome and log population as an offset 
(appendix equations 1 and 2). The main indicators of 
interest were a binary indicator for being aged 18 to 20 
years in a state with a minimum handgun purchaser 
age of 18 years and a term interacting this binary 
indicator with continuous age. We also adjusted for age 
and a second order polynomial for age. We estimated 
the number of suicides that would be averted with a 
minimum handgun purchaser age of 21 years, by 
computing and summing the predicted probabilities of 
suicide at each age between 18 and 20 years in states 
with an age 18 relative to age 21 handgun purchaser 
minimum. Trends in suicide rates by age are depicted 
graphically by minimum age of handgun sales for all 
states without policy changes from 2001 to 2017 and 
for the intervention states during the five years prior to 
and following policy changes. In a sensitivity analysis, 
we estimated a model that allowed for differing age 
trends in states with different policies through terms 
interacting continuous age and age squared with the 
policy group.
In the difference-in-differences approach21 22 we 
compared changes in suicide rates before and after 
policy changes with changes in the suicide rates 
over time in comparison states. As a first step, we 
compared population characteristics in intervention 
and comparison states.
An important assumption in difference-in-
differences analyses is that there would be parallel 
trends in the outcome in intervention states and 
comparison states in the absence of any intervention; 
parallel trends in the pre-period suggest there would 
have been parallel trends in the post-period in the 
absence of a policy change. We tested for parallel 
trends by evaluating whether there were differences in 
temporal trends in suicide rates in intervention relative 
to comparison states before policy changes. The main 
regression analysis was repeated for the period before 
policy changes, interacting time in years with being 
in an intervention state. Separate parallel trends 
tests were conducted on the states that decreased the 
age minimum age of handgun purchasers from 21 
to 18 years in 2007 and 2008 and for the states that 
increased the age minimum from 18 to 21 years in 
2010. We also repeated the main analysis as separate 
event study models23 24 for states that decreased or 
increased the minimum age of handgun purchasers. 
In the event study models, we replaced the binary 
policy indicator with binary indicators for living in 
intervention states in a series of two year periods before 
and after policy changes. The reference group was 
being in a comparison state or being in an intervention 
state in the two year period before the policy change.
For the main difference-in-differences analysis, we 
estimated a linear regression model, with the rate of 
suicides per 100 000 adolescents as the outcome for 
total and for firearm and non-firearm related suicides 
to determine if changes in firearm related suicides 
drove changes in total suicides. We chose a linear 
regression model based on evidence that maximum 
likelihood models underestimate standard errors in 
the presence of fixed effects.25 The main indicator of 
interest was living in a policy change state during the 
period when handgun sales were restricted to those 
aged 21 or older. We included state and year fixed 
effects that controlled for each state and year and 
that capture any time invariant state characteristics, 
such as geography and the minimum age for handgun 
purchases in neighboring states. We adjusted for state 
characteristics that changed over time, including 
the proportion of firearm related suicide deaths in 
adults, population density, and the proportion of 
the population that was white or Native American. 
We adjusted for changes in state background check 
policies26 27 and handgun permit to purchase policies28 
as documented in the State Firearms Law Database14 
and the Giffords Center law database.17 We did not 
adjust for policies requiring locked storage of firearms 
because no states changed this policy during the study 
period. We know of no other policy changes that would 
have differentially affected suicides in intervention 
relative to comparison states. We weighted the 
analysis by the proportion of all adolescents aged 18 
to 20 years who lived in each state in each year and 
clustered standard errors by state to account for serial 
autocorrelation.29
Difference-in-differences models with a small 
number of groups can lead to underestimation of 
standard errors.30 To precisely estimate the P value of 
the main analysis, we ran 1000 permutations of the 
main analyses, randomly assigning states to “placebo” 
policy changes in the years when intervention states 
actually changed policies. Based on the distribution 
of t statistics from this analysis, we calculated the 
likelihood of observing a t statistic with an absolute 
value greater than that estimated in the main analysis. 
We calculated the per cent reduction in suicides 
relative to the mean rate in all states before 2007, 
when Missouri was the first study state with a policy 
change. We estimated the number of deaths that would 
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be averted with handgun sales limited to purchasers 
with a minimum age of 21 relative to 18 in the 33 states 
with an age 18 minimum in March 2020 based on the 
most recent, 2018 data on the number of adolescents 
aged 18 to 20 years in each state.
To explore effect heterogeneity and further evaluate 
the parallel trends assumption, we repeated the 
main analysis with a term interacting the policy 
change with a binary indicator for increasing, relative 
to decreasing, the age of handgun sales. We also 
evaluated heterogeneity based on the separate event 
study models for states that decreased or increased 
the age of handgun sales.23 24 Finally, we graphed 
estimates of the total and cause specific suicide fatality 
rate during the five years preceding and following 
policy changes in each intervention state and during 
the corresponding period in the 46 comparison states.
We conducted several difference-in-differences 
sensitivity analyses. To ensure the analysis was not 
sensitive to functional form, we repeated the analysis 
as a negative binomial regression, with total suicide 
deaths as the outcome and log population as the 
offset. To evaluate whether those not exposed to policy 
changes experienced changes in suicide rates, we 
repeated the main analysis among those aged 13 to 
17 years. To evaluate alternative comparison groups, 
we estimated the effects of the policy changes relative 
to synthetic control states separately for the two 
states that changed the minimum age for handgun 
purchases from 21 to 18 years and from 18 to 21 
years using the synth_runner package in Stata 15. The 
synthetic controls were generated from the subset of 
states with the same policies before intervention state 
policy changes. We estimated the deaths averted by 
multiplying annual effect estimates by state population 
size.31 Finally, to ensure the analysis was not sensitive 
to the period in which the study was conducted, we 
repeated the main analysis separately over four years 
and over six years before and after policy changes.
Patient and public involvement
Patients and the public were not involved in this study.
Results
In the regression discontinuity analysis, the race/
ethnicity of the population of adolescents older and 
younger than 18 years was similar (table 1), although 
the large population size meant that differences of 
less than 0.1 percentage points were statistically 
significant. Adolescents in states that limited the sale 
of handguns to those older than 21 years were more 
likely to be Asian or Pacific Islanders than those in 
states that limited the sale to age 18 and older. States 
with age 21 limits had lower firearm ownership in 
2004 (24% v 43%) and were more population dense 
(400 v 89 people per square mile (154 v 34 per square 
kilometer)).
In the regression discontinuity analysis, a 
discontinuity was found in the suicide rate (incident 
rate ratio 1.26, 95% confidence interval 1.10 to 1.45) 
and the slope of increases in the suicide rate with age 
(1.09, 1.03 to 1.16) at age 18 in states with age 18 
handgun sales policies (fig 1 and table 2). Based on the 
predicted probabilities of suicide at ages 18 to 20, an 
average of 344 adolescent suicide deaths would have 
been averted in each state with a minimum handgun 
purchaser age of 21 compared with age 18 from 2001 
to 2017. In the sensitivity analysis that allowed for 
differing age trends in states with a minimum handgun 
purchaser age of 18 or age 21, the main effect estimates 
were consistent for the increase in the suicide rate at 
age 18 (1.19, 1.10 to 1.28) and the increase in the 
slope of the increase in the rate (1.23, 1.14 to 1.32); 
based on the predicted probabilities of suicide in this 
analysis, an estimated 406 deaths would have been 
averted with a minimum handgun purchaser age of 21 
compared with age 18.
In the difference-in-differences analysis, the 
characteristics of adolescents in the intervention 
states differed from those in the comparison states 
(table 3). In particular, comparison states had greater 
population density and lower firearm ownership, and 
a greater share of the adolescent population was Asian 
or Pacific Islander. Household firearm ownership was 
particularly high in Wyoming (66%) and West Virginia 
(59%) relative to comparison states (38%), and 
population density was particularly low in Wyoming 
relative to comparison states (5 v 170 people per 
square mile (2 v 65 people per square kilometer)).
The event studies show that temporal trends in suicide 
rates in intervention states (Missouri, South Carolina, 
West Virginia, and Wyoming) relative to comparison 
states were characterized by fluctuations but were 
relatively parallel to trends in comparison states before 
policy changes (fig 2). The tests for parallel trends also 
indicated that temporal trends in suicide rates did not 
differ in Missouri and South Carolina (which decreased 
the minimum age of handgun purchase) relative to 
comparison states for total (0.02 suicides per 100 000 
adolescents per year, 95% confidence interval −0.57 
to 0.61, appendix table 2) or cause specific suicides 
(firearms: 0.03 suicides per 100 000 adolescents per 
year, −0.42 to 0.47; non-firearms: fewer than −0.01 
suicides per 100 000 adolescents per year, −0.28 to 
0.27). Although there were no statistically significant 
differences in the trends in the total suicide rate (−0.91 
suicides per 100 000 adolescents per year, −2.05 to 
0.23) or cause specific suicide rate (firearms: −0.46 
suicides per 100 000 adolescents per year, −1.96 
to 1.04; non-firearms: −0.45 suicides per 100 000 
adolescents per year, −0.88 to 0.03) in West Virginia 
and Wyoming (which increased the minimum age of 
handgun purchase) relative to comparison states, the 
downward trend in suicide rates before the policy 
changes could suggest that any decline in suicide rates 
after these states increased the age for purchase of 
handguns was the result of a pre-existing downward 
trend in suicide rates.
In the difference-in-differences analysis, limiting 
the age of handgun purchase to those 21 years or older 
was associated with an average of 1.91 fewer suicides 
per 100 000 adolescents aged 18 to 20 years (−3.13 to 
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−0.70, permutation adjusted P=0.025, table 4); this 
would be equivalent to an 18.1% reduction relative 
to a mean of 10.54 suicides per 100 000 adolescents 
between 2002 and 2006. With 1220 suicide fatalities 
among adolescents aged 18 to 20 years in 2018 in the 
33 states that did not have a minimum age of 21 years 
for handgun purchases by March 2020, an 18.1% 
reduction would be equivalent to 221 (range 81-362) 
fewer suicides each year if all 33 states passed laws to 
limit the sale of handguns to those aged 21 or older. 
Policies limiting handgun purchases to people aged 
21 or older were associated with a 35.5% reduction in 
firearm related suicides (−1.83 suicides per 100 000 
adolescents, −2.66 to −1.00, permutation adjusted 
P=0.002). No association was found between limiting 
the age of handgun sales to age 21 or older and non-
firearm related suicides (−0.08 suicides per 100 000 
adolescents, −0.70 to 0.54, permutation adjusted 
P=0.771).
In the heterogeneity analysis, there was not a 
statistically significant interaction between policies 
limiting handgun sales to those aged 21 or older and 
the direction of the policy change (increasing relative 
to decreasing) for total suicides (−0.05 suicides per 
100 000 adolescents, −4.57 to 4.47, appendix table 3) 
or firearm related suicides (0.71 suicides per 100 000 
adolescents, −2.37 to 3.79). However, the event study 
estimates depicted in figure 2 and the state specific 
estimates depicted in appendix figure 1 clearly show 
that the average difference-in-differences effect 
estimate was driven by an increase in the suicide rate 
in states that lowered the age that handguns could 
be purchased (Missouri and South Carolina) and no 
effect in the states that increased the age for handgun 
purchases (West Virginia and Wyoming).
Each of the difference-in-differences sensitivity 
analyses were consistent with the main results. The 
negative binomial regression analysis indicated that 
the total suicide rate decreased by 18% (incident 
rate ratio 0.82, 95% confidence interval 0.75 to 0.90, 
appendix table 3). In the falsification test among 
adolescents aged 13 to 17, limiting the age for handgun 
purchases to age 21 or older was not associated with 
changes in the total suicide rate (0.55 suicides per 
100 000 adolescents, 95% confidence interval −0.20 
to 1.29, appendix table 5) in this group who would not 
have been affected by policy changes. The synthetic 
control analyses were consistent with the event study 
estimates, indicating that reducing the age of handgun 
purchases from 21 to 18 years was associated with an 
estimated 42 more suicide deaths (average increase of 
1.50 suicides per 100 000 adolescents; standardized 
P<0.001, appendix figure 2 parts (a) and (b) among 
adolescents aged 18 to 20 years in Missouri and South 
Carolina. Increasing the age from 18 to 21 years was 
not associated with a significant change in the suicide 
rate in West Virginia and Wyoming (standardized 
P=0.72, appendix figure 2 parts (c) and (d)). Limiting 
the age of handgun purchases to age 21 or older were 
associated with suicides when including four years 
(−2.51 suicides per 100 000 adolescents, −3.82 to 
Table 1 | Characteristics of adolescents above and below the age threshold in states 
with a minimum age of 21 or 18 years for the purchase of handguns, 2001-17. Values 
are numbers (percentages) unless stated otherwise
Characteristics Age 13-17 years Age 18-20 years P value
Minimum age 18 for handgun sales (n=363 946 635 in 34 states)
Race:
 White 175 117 772 (77.5) 106 739 756 (77.4) <0.001
 Black 38 968 541 (17.2) 23 552 489 (17.1) <0.001
 Native American 4 399 178 (1.9) 2 595 448 (1.9) <0.001
 Asian/Pacific Islander 7 531 743 (3.3) 5 041 708 (3.7) <0.001
Population density (people/square mile) 34 (89.4) – –
Household firearm ownership (50 states) 34 (43.0) – –
Minimum age 21 for handgun sales (n=190 515 326 in 12 states)
Race:
 White 88 745 290 (75.0) 54 220 002 (75.0) <0.001
 Black 17 228 045 (14.6) 10 197 231 (14.1) <0.001
 Native American 1 627 432 (1.4) 1 009 453 (1.4) <0.001
 Asian/Pacific Islander 10 648 459 (9.0) 6 839 414 (9.5) <0.001
Population density (people/square mile) 12 (400.4) – –
Household firearm ownership (50 states) 12 (24.1) – –
Household firearm ownership is from the 2004 the Behavioral Risk Factor Surveillance System.
Age
States that changed the minimum purchaser age for handgun
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Fig 1 | Suicide rate by age and minimum age of handgun purchase policy in states that 
changed policies and in states that did not change policies. Top panel: total suicide 
rate (with 95% confidence intervals) by age during the five years before and after policy 
changes (2002-06 and 2007-11 in Missouri; 2003-07 and 2008-12 in South Carolina; 
2005-09 and 2010-14 in West Virginia and Wyoming). Missouri and South Carolina 
had a minimum handgun purchase age of 21 in the earlier periods and changed the 
minimum to age 18 in the later periods. West Virginia and Wyoming had a minimum 
handgun purchase age of 18 in earlier periods and changed the minimum to age 21 in 
later periods. Bottom panel: total suicide rate (with 95% confidence intervals) by age 
in states with age 21 and age 18 minimum handgun purchase age policies throughout 
2001-17
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–1.20, appendix table 6) and six years (−1.24 suicides 
per 100 000 adolescents, −2.33 to −0.70, appendix 
table 7) of data before and after policy changes.
Discussion
Suicide rates have been increasing in the US, particularly 
among adolescents.32 In two complementary analyses, 
we found that policies restricting the sale of handguns 
to those aged 21 or older were associated with a 
reduction in suicide rates among adolescents. In our 
regression discontinuity analysis of deviations in age 
trends among adolescents aged 18 to 20 years, policies 
that limited the sale of handguns to those aged 18 or 
older were associated with an absolute increase in 
suicides at age 18 years and an increase in the slope of 
age trends in suicide. In this analysis, we estimated an 
excess of 344 suicides among adolescents aged 18 to 
20 years in each state with a minimum age of 18 years, 
relative to 21 years, for the purchase of handguns.
In our difference-in-differences analyses, policies 
restricting the sale of handguns to ages 21 or older 
were associated with 1.91 fewer suicides per 100 000 
adolescents aged 18 to 20 years, equivalent to an 
18.1% relative reduction in the total suicide rate. Event 
study estimates revealed that the result was driven by 
increases in suicide rates in states that lowered the age 
for handgun purchases, with no effect in the states that 
increased the age. It is possible that the high levels 
of firearm ownership in Wyoming and West Virginia 
(66% and 59% of households in 2004, relative to 38% 
in the 46 comparison states) meant that the change in 
age of handgun purchases had little effect on access to 
firearms by adolescents in these states.
The main result was robust to several sensitivity 
analyses varying the form of the regression, the time 
period of the study, and a synthetic comparison group. 
In cause specific analyses, there was a 35.5% reduction 
in the firearm suicide rate, while there was no change 
in the non-firearm suicide rate.
Our findings that policies restricting the age of 
handgun purchases to age 21 or older are associated 
with a reduction in suicides among adolescents 
contribute to research indicating that restriction of the 
means of access, particularly to firearms, is associated 
with a reduction in suicides.6-8 Past research indicates 
that child access prevention laws requiring firearms to 
be stored in a locked location are associated with an 
8% reduction in suicides among adolescents younger 
than 17 years.16 Our estimate of an 18% reduction in 
suicide is consistent with previous estimates of means 
restriction, which were associated with 10% to 34% 
reductions in suicide.33-35 As a rare outcome, suicide 
is difficult to study in randomized trials and in policy 
studies. Evidence on the efficacy of strategies to reduce 
suicide among adolescents, including antidepressants 
for those with depression, is mixed.36 37 Recent 
evidence suggests that policies raising the incomes of 
low wage workers are associated with a reduction in 
suicides, with a 10% increase in the earned income tax 
credit associated with a 5.5% decline in suicides and a 
10% increase in the minimum wage associated with a 
3.6% decline in suicides.38
Strengths and limitations of this study
The strengths of this study include the use of data on 
the full population of adolescents in all US states and 
the complementary, rigorous analytical approaches. 
At the same time, this observational study is subject to 
several limitations. Suicide is a rare and a stigmatized 
outcome, and it is possible that deaths due to suicidal 
intent were underreported.39 Suicides might also be 
related to each other in ways that we could not detect in 
our analysis and which would not be fully captured by 
clustering standard errors by state. In the difference-in-
differences study, spillover effects and the possibility 
that adolescents aged 18 to 20 years might cross state 
lines to purchase firearms in neighboring states with 
lower ages for handgun purchases could have led us to 
underestimate policy effects. We also could not control 
for unmeasured state characteristics that changed 
over time. Although state characteristics that do not 
change over time should not affect the difference-
Table 2 | Regression discontinuity analysis estimates for limiting handgun sales to 
purchasers age 18, relative to age 21 or older and suicides
Variables Incident rate ratio (95% CI)
Treated (age 18-20 in states with age 18 limit on handgun sales, binary) 1.26 (1.10 to 1.45)
Treated×continuous age 1.09 (1.03 to 1.16)
Age (continuous) 1.09 (1.04 to 1.14)
Age2 (continuous) 0.96 (0.95 to 0.97)
Estimates are based on negative binomial regression analyses with log population as an offset. Data are from all 
states from 1999 to 2017 and are weighted based on state population size. Based on predicted probabilities, 
an average of 344 suicides would have been averted in each state between 2001 and 2017 among adolescents 
aged 18 to 20 years with policies restricting the minimum age of handgun sales to age 21 years relative to age 
18 years.
Table 3 | Characteristics of adolescents aged 18 to 20 years in intervention and comparison states, 2002-14. Values are 
numbers (percentages) unless stated otherwise
Characteristics
Person years in intervention states 
(n=7 197 257)
Person years in 46 comparison states 
(n=161 736 784) P value
Race:
 White 5 549 361 (77.1) 123 976 436 (76.7) <0.001
 Black 1 462 380 (20.3) 26 044 785 (16.1) <0.001
 Native American 54 867 (0.8) 2 775 827 (1.7) <0.001
 Asian/Pacific Islander 130 649 (1.8) 8 939 736 (5.5) <0.001
Population density (people/square mile) 76 170 <0.001
Household firearm ownership (50 states) 52.9 38.4 <0.001
1 square mile=2.6 square kilometers.
West Virginia and Wyoming were outliers for some demographic characteristics. The population density in Wyoming was 5 per square mile. Household 
firearm ownership was 66% in Wyoming and 59% in West Virginia, whereas household firearm ownership was 43% in South Carolina and 44% in 
Missouri.
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in-differences analysis, differences existed between 
intervention and comparison states that could suggest 
different suicide mortality trajectories in these states. 
The generalizability of the difference-in-differences 
analyses is also limited. In such analyses we focused 
on just four states with policy changes. West Virginia 
and Wyoming passed the age 21 handgun sales policy 
and Missouri and South Carolina rescinded the age 21 
handgun sales policy. The populations of each state 
differ substantially from those of the US population.
Conclusion
This study found that state policies setting the 
minimum age of handgun sales to 21 years, such as 
those passed in Florida and Vermont in 2018 and in 
Washington in 2019, were associated with a reduction 
in suicides among adolescents aged 18 to 20 years. 
In a regression discontinuity analysis, minimum 
age 18 handgun purchase policies were associated 
with an average 344 excess deaths from suicide 
among adolescents aged 18 to 20 years in each state 
between 2001 and 2017, relative to a minimum age 
of 21 handgun purchase policies. In a difference-in-
differences analysis, restricting the age of handgun 
purchases to age 21 or older were associated with an 
18% reduction in the suicide rate among adolescents, 
an effect estimate driven by increases in the suicide 
rate in Missouri and South Carolina after those states 
eliminated age 21 handgun sales policies. Changing 
the age of handgun sales policies from 18 to 21 years 
across the country or in the 33 states without such 
policies might reduce deaths from suicide among 
adolescents. Such a change is in keeping with public 
sentiment—in 2018, 67% of American adults reported 
support for more policies regulating firearms.40
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Fig 2 | Event study estimates of suicide rates among adolescents aged 18 to 20 years 
old. Coefficient estimates represent the estimated association between policy change 
and suicide rate in a given period relative to policy change. Estimated coefficients are 
based on running the main regression with all covariates, and the main policy variable 
replaced with binary indicators for years before or after policy changes in intervention 
states, with comparison states set to zero. Separate event studies were conducted for 
states that (top panel) decreased and (bottom panel) increased the minimum age of 
handgun purchase. Estimates were binned by two year periods because suicide is a rare 
event and individual year trends are volatile. The period immediately before the policy 
change was used as the reference period. The thin lines are 95% confidence intervals
Table 4 | Results of difference-in-differences analysis on policies restricting the sale of handguns to age 21 or older and suicides in adolescents
Variables
Suicide fatalities per 100 000 adolescents (95% CI)
Total suicides Firearm suicides Non-firearm suicides
Age 21 handgun sales −1.91* (−3.13 to −0.70) −1.83† (−2.66 to −1.00) −0.08 (−0.70 to 0.54)
Per cent of firearm related suicides among ages ≥21 years −8.99 (−16.10 to −1.88) −3.88 (−8.65 to 0.89) −5.11 (−11.66 to 1.44)
Population density 0.02 (−0.02 to 0.06) 0.01 (−0.02 to 0.04) 0.01 (−0.02 to 0.04)
Per cent of population of each race/ethnicity:
 Native American 1.02 (−0.84 to 2.88) −1.65 (−3.22 to −0.09) 2.68 (1.18 to 4.17)
 White 0.65 (−0.22 to 1.52) 0.14 (−0.45 to 0.74) 0.50 (0.09 to 0.92)
 Other Reference
Handgun permit policy −0.69 (−1.24 to −0.14) −0.48 (−1.04 to 0.08) −0.21 (−0.92 to 0.51)
Universal background checks −0.23 (−1.23 to 0.77) 0.03 (−0.42 to 0.49) −0.26 (−1.26 to 0.74)
Main effect estimates are in the top row. State and year fixed effects are also included adjusting for each state and year.
*Permutation adjusted P<0.05.
†Permutation adjusted P<0.01 for main effect estimates.
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